Abstract Current colony PCR methods are not suitable for screening genes encoded in genomic DNA and are limited to E. coli host strains. Here, we describe an ultra-high efficient colony PCR method for high throughput screening of bacterial genes embedded in the genomic DNA of any bacterial species. This new technique expands colony PCR method to several hosts as well as offers a rapid, less expensive and reliable bacterial genomic DNA extraction.
E. coli bacterial species and only screen for plasmid DNA present at greater than several dozen copy numbers per cell [3, 4] . Accordingly, it is not possible to directly screen genes embedded in genomic DNA by current colony PCR techniques. Moreover, host strains of bacterial species for colony PCR are typically limited to E. coli, [5] which means that PCR of genomic DNA directly from bacterial colonies is generally not feasible. At the same time, PCR of genomic DNA directly from bacterial colonies is a daily necessity in many molecular biology labs for high throughput screening of genes, as in the case of PCR amplification of small-subunit ribosomal DNA sequences of bacterial species [6] . Our new method has focused on high throughput screening of bacterial gene embedded in genomic DNA and to spread the advantages of quick screening to all bacterial species.
Here, we present a new colony PCR approach that is rapid and non-toxic, uses less equipment, and requires minimum labor and/or time to extract quality genomic DNA from bacteria that are as pure and concentrated as that prepared using other extraction techniques. We performed this colony PCR for high throughput screening of bacterial gene embedded in genomic DNA by means of mechanical disruption using sonicator. We developed this alternative method of colony PCR and genomic DNA extraction from bacteria while working with a guanidinedetergent-based cell wall lysing method [7, 8] for genomic DNA isolation ( Table 1 ). The use of the guanidinedetergent made the DNA extraction procedure easy, rapid, reliable and efficient, but the presence of guanidine isothiocyanate in the mixture made the process hazardous for users [9] . In the current procedure, we eliminated the use of the toxic guanidine detergent and established a less harmful method for bacterial genomic DNA isolation (Table 1) .
We used 16S-rDNA sequence-based bacterial species identification to check the quality, reliability, and specificity of extracted genomic DNA from the guanidinedetergent-based method and our new method. We compared the quality and quantity of the extracted DNA, as well as extraction time, extraction cost, human effort, and Though the fresh supernatant can be used as template, we can add 30 lL 8 mM NaOH to 60 lL fresh supernatant to preserve the DNA for subsequent using N/R not required (Table 1) . We can also use 500 lL of bacterial suspension maintained at an OD 0.5 at 600 instead of single colony. In the next step, bacterial suspensions were washed twice with ddH 2 O for the removal of residual agar and resuspended in 100 lL of ddH 2 O or DNAzol, respectively, for sonication. Sonication was performed with a waterbased ultra-sonicator (Saehan SH-1025D/1050D, Saehan Ultrasonic Co., Korea) at a 40 kHz oscillation frequency for 10 min. Importantly, the sample temperature was maintained below 4°C throughout the sonication procedure. If in the sonication machine there is no facility to maintain the temperature at 4°C, the sonicator should be filled with ice. And samples were kept on the ice for a 1 min rest after each two and half minute cycle of sonication. Thereafter, samples were placed on ice for 10 min to allow settling of cell debris, and supernatants were carefully transferred into new tubes for DNA quality checks. The purity and yield of extracted bacterial genomic DNA from both methods were measured using a BioSpecnano (Shimadzu Biotech, Japan) [10] . Lastly, all extracted bacterial DNA from both methods were used as templates in nested PCR under conditions suggested for EF-Taq DNA polymerase (Sol Gent, South Korea) for 16S-rDNA gene amplification using universal 27F/1492R primers [11, 12] and amplified DNAs, followed by subsequent Sanger sequencing for bacterial species identification [13] [14] [15] . Genomic DNA quality analysis revealed that the DNA extracted via the new method was pure and sometimes higher concentrated compared to that extracted with DNAzol (Table 2 ). Without using RNase we get good PCR product and subsequent result of sequencing. Furthermore, if we need to remove RNA impurities, we can use RNase as optional steps (1:10 of volume ratio of RNase and ddH20) like other commercially available kit (NucleoSpin Tissue, REF, 740952.250, GenElute TM Bacterial Genomic DNA Kit, sigma). The mechanical breakup of the bacterial cell wall using sonication at a very low temperature (4°C) is the underlying principal of this procedure. The controlled sonication process tears the bacterial outer covering and releases the genomic DNA into the mixture. The constant low temperature (4°C) retains the stability of genomic DNA by restricting the enzymatic lysis of DNA by temperature-sensitive DNase enzymes [16] . Ten minutes of sonication was sufficient for most bacterial strains to obtain the desired PCR amplicons, with the exception of S. aureus, possibly due to the shape, size, cell wall composition or culture quality of the bacteria (Fig. 1a) . Twenty minutes of sonication produced better results of S. aureus (Fig. 1b) . So, in mechanical disruption, these phenomenon are crucial. Thus, Gram-negative bacteria appear to be preferable for this method. Sometimes less than 10 min sonication is enough for cell wall disruption but 10 min sonication is appropriate for broad range of bacteria screening. This mechanical disruption may degrade physically fragile whole genomic DNA but it gives very efficient and rapid colony PCR to identify bacteria or screen genes embedded in genomic DNA. All bacterial identification was performed using NCBI BLAST searches [17] [18] [19] and results were obtained if more than 99% similarity existed with a bacterial species ( Table 2 ; Fig. 1 ), confirming the authenticity of our new genomic DNA extraction method for colony PCR.
Our new, non-toxic, ultra-high efficient colony PCR method is significantly faster, less expensive, less laborious, and most importantly, as reliable and precise as other currently used procedures to extract bacterial genomic (Table 2) . However, our new method is fundamentally similar to the previously described colony PCR techniques [20] [21] [22] [23] [24] . Despite the fundamental similarity, this new innovative colony PCR technique has several notable methodological advantages compared to already published producers, summarized in Table 3 . Accordingly, our technique is much easier to performed, covering broader spectrum of bacterial species and extracted DNA can be used for the any kind of gene identification or multiple downstream processes independently to the colony PCR due its purity and high concentration. Thus, Incorporation of this procedure for high throughput screening can reduce workloads, particularly in molecularbased microbiology labs, by minimizing the time and effort needed for microbial genomic DNA isolation and identification of various genes embedded in genomic DNA.
